Long-eared Owls (Asio otus) usually winter in groups in settlements, hunt at night and rest in evergreen trees during the day. From prey remnants regurgitated as pellets, one can detect species present in their hunting areas and changes in their abundance. Our aim was to reveal how the ratio of small mammal species in Long-eared Owl prey changes during the winter, since weather can influence hunting success and the availability of prey. There were 40-60 Long-eared Owls wintering in the city of Pécs. From November 2014 to mid-March 2015 we collected 6,328 pellets from which 9,087 prey remains were identified. 97.5% of prey consisted of small mammals belonging to 21 species. The diversity of small mammals in the pellets collected in November was significantly lower in comparison with other months. With the increase of precipitation, the relative abundance of the Common Vole (Microtus arvalis) and Common Dormouse (Muscardinus avellanarius) decreased, while that of the Striped Field Mouse (Apodemus agrarius) and Wood Mouse (A. sylvaticus) increased. In the periods when the area was covered by snow, the ratio of the Common Vole as prey continually decreased, probably because it stayed under the snow. Since the availability of the Common Vole declined, the proportions of the Striped Field Mouse and Lesser White-toothed Shrew (Crocidura suaveolens) as alternative prey grew significantly. In low temperature periods, Brown Rats (Rattus norvegicus) and birds are more often preyed upon. Despite the hunting area being predominantly urban, species preferring open grassland habitats were significantly more common. As winter progressed, the role of forest-dwelling species in the diet continuously increased.
INTRODUCTION
Long-eared Owls (Asio otus) usually winter in groups, mainly on evergreen trees in settlements (e.g. Wijnandts, 1984; Makarova and Sharikov, 2015) . They hunt at night and rest in trees during the day. The indigestible parts of the prey (e.g. bones, hair, feathers and chitin) are regurgitated in the form of pellets, from which one can conclude the composition of their diet (Mikkola, 1983) . Long-eared Owls have an important role in the regulation of small mammal populations, since one of its main prey items is the Common Vole (Microtus arvalis), which is a widespread agricultural pest in the Carpathian Basin (e.g. Birrer, 2009; Jacob et al., 2013) . In their hunting areas, habitat distribution patterns influence small mammal communities, which may be reflected in the diet composition of Long-eared Owls (Romanowski and Żmihorski, 2008; Dziemian et al., 2012) . The Long-eared Owls' hunting success and the availability of prey are also influenced by weather conditions (Sharikov and Makarova, 2014) . Their winter diet is well known (Romanowski and Żmihorski, 2008; Birrer, 2009 ), but changes during the seasons, especially those caused by weather have not been fully revealed (Rubolini et al., 2003; Sharikov and Makarova, 2014) . In different geographical regions, climatic factors have different effects on diet composition (Sharikov and Makarova, 2014) . In the Mediterranean area of Europe, where the winters are milder, the diet composition of Long-eared Owls was influenced only by temperature while other weather factors did not play a significant role (Rubolini et al., 2003; Cecere et al., 2013) . On the contrary, in northern areas such as Poland and Russia the role of temperature is less important, however, precipitation, especially the amount of snow has a greater effect (Romanowski and Żmihorski, 2008; Dziemian et al., 2012; Sharikov and Makarova, 2014) . Winter weather in the Carpathian Basin is characterised by variability: Atlantic cyclones resulting in milder rainy weather; Mediterranean cyclones resulting in snow; Siberian air masses resulting in cold clear weather; and anti-cyclones causing long-lasting foggy periods (Péczely, 1961) .
We know little about the effect of extreme weather changes during the winter on the diet of Long-eared Owls and the availability of small mammal species in hunting areas around the roosting sites. Therefore, the aim of our work was, (i) to collect pellets of wintering Long-eared Owls and to analyse the changes in their diet composition by month, and (ii) to detect the role of weather and the distribution of habitats in hunting areas in the distribution and availability of prey species that prefer different habitats.
METHODS
Long-eared Owls have had wintering sites in the South Transdanubian region of Hungary, in the cemetery in the southern part of Pécs, for many decades (Figure 1 ). The cemetery is in an urban environment, but it is bordered to the east by gardens, arable lands, grasslands and woodlands (Figure 1) . In late autumn, Long-eared Owls in the study area rest scattered in deciduous trees, but as the leaves fall they gradually move to cypresses and spruces. Under the trees where the Long-eared Owls roost, from November 2014 to mid-March 2015, we checked the roosting area 21 times (3-4 times a month, more often in December), counted the Long-eared Owls and collected the pellets. Pellet disintegration was done using the dry technique, that is the individual pellets were broken down by hand (Schmidt, 1967) . The identification of small mammals was done on the basis of skeletal parameters (e.g. Schmidt, 1967; Ujhelyi, 1989; Kryštufek and Janžekovič, 1999; März, 2011) . For the identification of species belonging to the Sylvaemus subgenus, the method by Tvrtković (1979) was followed. For the determination of the Eastern House Mouse (Mus musculus) and the Steppe Mouse (M. spicilegus) we used the identification key by Macholán (1996) . Problematic or damaged skeletal specimens belonging to the Apodemus, Mus and Rattus genera were listed as Apodemus sp., Mus sp. and Rattus sp., respectively (Table 1) . For bird prey identification we used their mandibles as described by Kessler (2015) .
Weather data measured in 5-min intervals came from a meteorological station 1 km away. The amount of precipitation (mm) and snow (mm) was summed in the periods between the sampling dates, and the average daily temperatures (°C) were averaged for the period between the sampling times.
The diversity of small mammals preyed in the month and detected from the pellets was characterised by the Shannon-Weaver (H) index and by their evenness (J) (Shannon and Weaver, 1949; Hammer et al., 2001) . Spearman correlation analysis (StatSoft, 2007) was applied to reveal the relationship between weather variables during the winter and the values of relative abundance of the particular species, as well as the relative abundance of the Common Vole and other small mammal species.
A circle of 4 km 2 around the Long-eared Owls' roosting site was marked, which is roughly equivalent to the hunting area of Long-eared Owls living in the urban environment (Lövy and Riegert, 2013) . According to the CORINE map from 2012 about 60% of this circle was urbanised area, 24% open (grassland) area and 16% was occupied by forest ( Figure 1 ). Wetland habitats were neglected, since they are very small linear structures in the circle thought to be the hunting area. The detected mammal species were classified into four functional groups (guild) based on their habitat preference (Bihari et al., 2007; IUCN, 2016) ( Table 1 ). The abundance of species and the functional groups were compared between months and with the proportion of the habitat types in the hunting area by using the homogeneity G-test (Zar, 2010) .
RESULTS
Altogether 9,087 prey remains were found in 6,328 Longeared Owl pellets, collected in the study site in the winter of 2014/15. From the remains 34 taxa were identified, among them there were 21 small mammal species. 97.5% of prey consisted of small mammals, 2.5% were birds, and less than a tenth of a percent were invertebrates. The most frequent prey was the Common Vole, their proportion in the prey adding up to 70%. In the species frequency rankings, the Wood Mouse (Apodemus sylvaticus) was second with a 12% proportion, while the Striped Field Mouse (A. agrarius) was the third most frequent prey species with a proportion of 5%. The remains of the Ural Field Mouse (A. uralensis) and Savi's Pipistrelle (Hypsugo savii) were located for the first time in the surroundings of Pécs.
The proportion of Common Vole had a negative significant correlation with the abundance of other species which were the alternative prey of Long-eared Owls: the strongest correlation was found with the Wood Mouse (r s =-0.89, P<0.01) and it was also correlated with the abundance of the Lesser White-toothed Shrew (Crocidura suaveolens) (r s =-0.45, P<0.05), the Striped Field Mouse (r s =-0.63, P<0.01), the House Mouse (r s =0.50, P<0.05) and insects (r s =-0.45, P<0.05).
The Shannon diversity (H) of small mammals in the pellets collected in November was significantly lower (Tables 2 and 3) . Evenness (J) was not significantly different between the months (Table 2 ).
In the winter diet of Long-eared Owls, the proportion of prey species was influenced by the amount of precipitation. As the amount of precipitation increased, the relative abundance of the Common Vole (r s =-0.65, P<0.01) and the Common Dormouse (Muscardinus avellanarius) (r s =-0.56, P<0.01) decreased, while that of the Striped Field Mouse (r s =0.65, P<0.01) and the Wood Mouse (r s =0.65, P<0.01) increased.
In the periods when the hunting area was snow covered, the ratio of the Common Vole (r s =-0.47, P<0.05) in the prey of Long-eared Owls continuously decreased, while that of the Striped Field Mouse (r s =0.56, P<0.01) and Lesser White-toothed Shrew (r s =0.52, P<0.05) increased.
In the periods with low temperature, Brown Rats (Rattus norvegicus) (r s =-0.58, P<0.01) and birds (r s =-0.49, P<0.05) were more often preyed upon.
Nearly three quarters (74.5%) of small mammal specimens detected in pellets belong to species preferring open habitats. Members of forest species (23.1%), wetland species (1.2%) and synantropic species (1.2%) were found in smaller numbers (Table 1 ). The proportion of species that prefer forest habitats were significantly lower in November than in January (G=6.1, df=1, P<0.05), February (G=7.5, df=1, P<0.01) and March (G=5.1, df=1, P<0.05). The relative abundance of the Wood Mouse was lower in the pellets in November than in February (G=4.5, df=1, P<0.05) and March (G=4.4, df=1, P<0.05) (Figure 2 ).
There was no significant difference between the distribution of forest (G=1.26, df=1, n.s.) and wetland (G=1.68, df=1, n.s.) habitats in the hunting area of Longeared Owls and the abundance of small mammal species. Species preferring open habitats (G=27.68, df=1, P<0.01) were significantly more common; in turn synantropic species (G=73.25, df=1, P<0.01) were rarer than the portion of their habitats presumed to be their hunting area.
DISCUSSION
The most frequent prey of Long-eared Owls wintering in the study area (Pécs, Hungary) was the Common Vole, and the main alternative prey was the Wood Mouse, similar to in other parts of Central Europe (Birrer, 2009; Dziemian et al., 2012; Tulis et al., 2015) . The relative abundance of Common Voles decreased from November while the diversity and the evenness of preyed small mammals increased. The abundance and availability of Common Vole as the main prey species has a significant effect on the survival of the Long-eared Owl (Birrer, 2009; Tulis et al., 2015) . If there are fewer Common Voles available in the hunting area, Longeared Owls change their hunting strategy (Romanowski and Żmihorski, 2008) and prey on the less abundant small mammal species (Schmidt, 1975; Tome, 2003; Sharikov and Makarova, 2014; Tulis et al., 2015) .
According to our results the proportions of Common Vole and Common Dormouse preyed upon decreased during the rainy periods, while that of the Striped Field Mouse and the Wood Mouse increased. Winter weather conditions influence the hunting of Long-eared Owls and the behavior and availability of small mammals (Sharikov and Makarova, 2014) . In cold rainy weather, Long-eared Owls' flying activity decreases (Rubolini et al., 2003) and instead of the usual active-search hunting strategy, they wait on the trees near the edge of forests, where they are more likely to prey on Wood Mice and other forest species (Henrioux, 2000) . Our results showed that in the colder periods birds are more likely to be preyed on by Long-eared Owls, mostly in forest edges and parks, which is in accordance with the results of Tulis et al. (2015) . The relative abundance of the Common Dormouse showed a negative correlation with the amount of precipitation, since they hibernate in winter and are rarely detected as prey (Cecere et al., 2013; Tulis et al., 2015) .
Our results confirmed that the relative abundance of the Common Vole in Long-eared Owl pellets decreased in the periods when the area was covered with snow, because the Common Vole stay in tunnels under thick snow and therefore it is more difficult for predators to reach them (Jędrzejewska and Jędrzejewski, 1998; Romanowski and Żmihorski, 2008; Sharikov and Makarova, 2014) . However, the proportion of Striped Field Mice in the pellets increased, as individuals belonging to the Apodemus genus tend to move to the surface of the snow (Jędrzejewska and Jędrzejewski, 1998) . In the periods when the area was covered with snow, Long-eared Owls hunt more often in the forests and forest edges, where the snow layer is thinner, so the other forest-living species are also easier to catch (Canova, 1989; Rubolini et al., 2003; Dziemian et al., 2012) .
Our results suggest that the relative abundance of small mammal species preferring forest habitats was significantly higher in the diet of Long-eared Owls in January, February and March than in November. As winter progressed, the role of forest-dwelling species (e.g. Wood Mice) in the diet continuously increased. Despite the fact that the hunting area is predominantly urban with a small proportion of open habitats, the small mammal species preferring open grassland habitats were significantly more commonly preyed upon. This was expected because Long-eared Owls prefer to hunt in open habitats (Martinez and Zuberogoitia, 2004) . The proportion of synantropic small mammal species in pellets were lower than we expected given the proportions of urban habitats in the hunting area. Long-eared Owls spend the winter near human settlements, but during hunting avoid denselybuilt areas due to the higher human activity and the lack or inaccessibility of prey species (Lövy and Riegert, 2013) . According to observations of Pirovano et al. (2000) Long-eared Owls never fly out from the roosting place in the direction of the settlement. Other owl species, for example the radio-tagged Little Owl (Athene noctua), due to the low temperature in winter used cultivated fields less frequently and more commonly stayed between buildings (Sunde et al., 2014) . Our results suggest that the Longeared Owls in the roosting site in Pécs could also hunt in open or forested areas, but in the cold periods there were more Brown Rats in their prey, suggesting that they were hunted more actively in urban environments. Long-eared Owls are likely to hunt not only within the 4 km 2 circle, but could also have moved away from their roosting places towards open habitats. For more accurate mapping of the hunting areas around the roosting sites of Longeared Owls, additional radio telemetry would be needed (Lövy and Riegert, 2013) .
